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L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés. [1, 2] . The first theory due to Khalatnikov [3] , and based on the idea that thermal exchange is by phonons, failed to provide even the right order of magnitude of RK [1, 2, 4] [6] considered the acoustic matching provided by the formation of a dense layer of helium at the interface. The resulting enhancement of the phonon transmission is however not sufficient to resolve the discrepancy. Other authors [7, 8] have investigated theoretically the effect of phonon attenuation in the solid, which leads to an opening of the critical cone predicted by the acoustic theory. However, the developed theory does not seem to be valid for temperatures &#x3E; 1 K [8] . A combination of the two latter mechanisms has also been considered by Opsal and Pollack [9] . More recently, Cheeke and Ettinger [10] (silicon) .
In metals, the question arises of the direct or indirect contribution of electrons. Theoretical [11] [12] [13] as well as experimental information [14, 15] has been reported. Direct electron-helium processes involving the coupling between the surface modes and the conduction electrons in the metal have been considered [11, 12] , and some experiments interpreted as evidence of these electronic processes [14] . More recently, it was suggested [13] that the magnetic field dependence of . the thermal conductance related in the works of Wagner et al. [14] and Challis et al. [15] will exist even if the thermal boundary conductance is dominated by acoustic processes.
In this letter, we use an approach to the Kapitza problem based on transport technique and therefore different from the above acoustic theories relying on the thermal equilibrium properties of each material in the vicinity of the interface. We present a three dimensional calculation of the heat flux, and of the temperature distribution of the phonons in the solid, involving the solutions of the Boltzmann equation. We consider a metal in contact with liquid helium and essentially study the e) The starting equations are essentially the same as the equations used in the spatial analysis of the electron-phonon system in a heater [16] where Ke is the thermal conductivity. Using the Wiedemann-Franz law yields : kB is the Boltzmann constant and e is the electron charge. The electrical conductivity (1 is in fact the residual conductivity (1., the phonon contribution to the resistivity being very small and therefore neglected [21, 22] of the slab after three iterations. The better heat flux conservation (2 %) observed at a distance of about 100 pm from the interface, is due to the more precise calculation in this region.
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In figure 3 , the electron temperature is presented as a function of the position x in the metal (upper line), along with phonon temperatures Tp~(x, co), characterizing the 0 mean value of the occupation number of some modes of frequency co = uq, for phonons travelling from the interface I towards the end H of the slab. These temperatures are defined by :
where N(T) is the Planck distribution at the temperature T.
As expected from the large electron heat conductivity, the electron temperature gradient is nearly constant over the whole length of the slab and is about 10-6/D (KJlm-1). A small departure from the linear variation of the electron temperature with the distance x is observed near the interface. The temperatures Tp-(x, co) of the phonons moving towards the interface are not shown here : they are not significantly different from the electron temperature.
The phonon temperature Tp~-(Jc, co) is different from the electron temperature, particularly at the interface but also at a distance xw from the interface, which increases with decreasing phonon frequency. This can be understood by noting that the electronphonon relaxation time is frequency dependent 1" ep oc c~-1 [16] [15] .
Information concerning the quantitative contribution of each mode q in the boundary resistance, as a function of its direction of propagation, as well as a function of its frequency, taking into account the density of states, can be deduced from these calculations. The influence of the boundary conditions can be studied. Still further, other mechanisms of phonon scattering could be included; the model could as well be applied to dielectrics with appropriate modifications.
